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Fatigue tests were conducted on 5) specimens of 25 ST alwninum 
alloy for the purpose of determinin: the effect of surfacs rouwhness 
on the fatigue life of the material when subjected to constant ro- 
peated tensile stresses above the proportional limit. In addition, 
the basic stress vse osycle survo for 25 ST aluminun alloy was ex- 
tended to include the range of cycles below 100,000. 

A machine capable of applyine repeated pure tension loads at the 
rate of 52 cycles per minute, without shock but with a high rate of 
—e was used to obtain the data. 

It was found that the rate of build-up and the duration of the 
impulse created an equivalent static load-equal to the peak of the 
impulse loading. 

For the material tested, it was found that as: the surface rough- 
ness increased from 5 u to 200 1 » the life expectancy of the alloy 
in generel was reduced. ‘lowever, the experimental results revealed 
@ larger degree of scatter in the cyclic ranze below 40,000 cycles 
as opposed to the relatively consistent data obtained at the hicher 
cycles. Therefore, no general conclusions could be ascertrined as to 
the effeot of roughness on the fatigue life of the material in the 


high stress region. 








This investigation was carried out at the Daniel Gugcenheim 


Aeronautical Laboratory s Galifornis Institute of Teennology. Pasa- 


dens, Zalifornia. 
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Ie INTAODUCTICN 


The purpose of this investigation is to determine the effect 
of roughnese on the fatigue strensth of 25 ST aluminum alloy in the 
range of cycles between 500 and 100,000. 

Patigue-atrength curves for aluminum alloys ordinarily cover 
a renge of oyoles starting at 50,000 to 100,000 and extending to 
approximately 500,000,000. Since aluminum alloys have wide appli- 
cations in industry, much useful engineering information would be 
obtained by extending these curves to include the lower cyclic renge. 
Many alreraft structural mambers, such as parts of the landing gear 
assembly, are subjected to tensile stresses in the cyolic ranges 
considered in this report. 

The problem of determining, in ite entirety, the effects of 
repeated loads on aluminum alloys is enormous. Closely allied prob- 
lems have been investigated during the past few years; however, lit- 
tle experimental data have been made available on the subject. 

The design and building of an adequate testing machine for 
carrying out the tests in the range of cycles considered was acscome- 
plished in 1947 by Lieut. Comdrs. Robert L. Mastin and i“dward G. 
Bull, U. S. Navy. The machine was modified slightly by Mr. Chintae- 
kindi V. JogaRao and Captain Conrad N. Nelson, Ve. S. Air Force, 

The work of Bull and Mastin was carried further as reported in the 
thesis by Conrad N. Nelaon, Captain, U. S. Air Force, *Repeated 
Loads Aobve the Proportional Limit on 2) ST Aluminum /4Jloy®, C.1.%. 


1948. 


ale 


The above authors’ work showed that almost all deformation takes 
place in the first ten cycles of the applied stress, and that there is 
no relation between the elongation of a specimen end its life expectancy. 
They also indicated that aging time, magnitude of overstresses, and 
initial stresses had an effect on the life expectancy of 2) ST aluninun 
alloy. However, their test results on the effects of aging time, etc. 
were not conclusive, as stated by the authors, and they succested further 
work on the problem in ceneral. 

Since the problem is vast in soope, coverin a large number of 
metals, their alloys, and an infinite number of loadings, only one phase 
of the subject was considered, i.e. the effect of surface roughness upon 
25 ST aluminum alloy subjected to repeated tensile stresses in the cyclic 
range below 100,000 cycles. Although only one alloy was tested, the 
effect of surface roughness on other aluminum alloys would probably 
parallel these results; however, further work is necessary to establish 
the basic high stress-low cycle curves for the other common airoreft 
materials. It is to be noted that these results apply only to members 
with freely-hinged ends. 

This investigation was carried out in collaboration with Lt. Comdr. 
We Me Ringness, U..S. Navy, at the Daniel Cuggenheim Aeronautical Labor- 


atory, California Institute of Technology, Pasadens, California, in 1949. 
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Test Specimens 
All specimens were meade fron a 25 ST forging whose chemical com= 
position was 4.43% Cu, 0.67% Si, 0.016% Me, 0.45% Fe, 0.73% Mm, 0.25% Zn, 
0.02% Cr, and remainder Al. The alloy had the following properties: 
Yield Strength - 39,'00/41,250 pesei- 
Tensile Strength - 58,000/61,396 pesie 
% Blongation in 2 inches - 163/17 
Each specimen was carefully made with the customary high standards of 
' experimental work by the C.I.T. Machine Shop in accordance with Fig. l. 
As recommended by Captain Conrad N. Nelson, U. S. Air Force, (Ref. 1) 
the fillet radius was doubled. The surface rouchness was applied by 
eirowmferential grooving giving ridges of 5 4. 50, 100, end 200. 
A round tool, radius 3/16" was used on a Pratt and Whitney 13" 


Lathe, Model B. The advance used for the grooving was as follows: 


Roughness Advance 
a 0.0012 in./rev. 
50 & 0.007 in./rev. 
100 “4 0.010 in,/rev. 
200 1 0.0143 in./rev. 


The roughness was checked on a Profilometer built by Physicists 


Research Company. 


testing Machine 
The testing machine was designed and built in the 1946-47 school 


year at Celi. by Lieutenant Commanders Bull, Mastin, and Soli, and 
Lieutenant Ditch, all of the U. S. Navy, and subsequently modified 
py Mr. Chintakindi V¥. JogaRao and Captain Nelson, JU. S. Air Forse to 
strengthen the H-beam base of the platform (Refs. 1 and 2). Addi- 
tional modifications were made by Lieut. Comir. i. NH. Ringness, U. S. 
Navy and the iWon: 

The machine consists essentially of an aircraft type hydraulic sys- 
tem which applies. 4 pure tensile load (design maximun of 11,500 lbs.) 
to the specimen which is anchored at one end and secured at the other 
to a piston of the hydraulic system (See Figs. 3 and 4). 

Hydraulic pressure is supplied by eae positive displacement gear 
pump driven by a five (5) hep. 220-volt A.C. electric motor rated at 
1140 Kepeme A step-up reduction gear of 3.06 to 1 raises the pump 
PePele to 3420. 

The hydraulic system (Fige 11) begins eat a six and eight-tenths 
(6-8) galion reservoir with filler strainer. The fluid passes through 
ean oil strainer to the suction side of the puwnp, through a pressure 
relief valve (set to lift at 1250 p.a.i.), an accumulator, a pressure 
reculating valve, a Vickers solenoid-opereted pilot valve, and hence 
to the cylinder. A Bourdon hydraulic pressure gage, protected fran 
snock by a shut-off valve, is installed in the line just shead of the 
pilot valvee Four return lines are provided one each from the low 


pressure end of the cylinder, the discharge side of the pilot valve, 
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regulating valve, and relief valve. 

The reservoir was filled by means of a hand pump located within 
the mein frame of the machine. Although all types of oil were used 
no failures of the system were attributable to the fluid. 

The movement of the piston is controlled by the Vickers solenoid 
triggered through contact points operated by a circular cam driven 
by a 1/20 H.P. 110-volt A.C. universal wound motor. This same motor 
also drives a mechanical counter which indicates exactly one-half of 
the actual number of piston strokes (fic. 12,. 

The entire system (Figs. 5, 6, and 7) except for the specimen, 
ites fittings, the cylinder, the pressure gage, the counter, and the 
electrical controls, is mounted below the table top. 

The test platform consists of two 5" steel He-beams, six feet long 
bolted together upon which are mounted heavy steel fittings to anchor 
the cylinder and the fixed end of the test specimen. The 11-5 sq. in. 
piston is attached to e universal joint which in turn is connected to 
the load coupon (Fige 2). The test specimen is secured betreen the 
load coupon end another universal joint which is in turn screwed onto 
fitting Shigh bolts onto a heavy metal teeeshaped anchor fastened to 
the top H-beam. The universal joints which remove bending stresses 
carry counter weights for static balance of the free ends. Lt. “Ar. 
Ringness and the author installed safety cuides for these balances 
Since there was e tendency for them to rotate the universal joints. 


However, these cuides were made very loose to allow for axial movement 


see 


of the weights as well eas a few degrees of rotation. 

During the first few tests it was observed by the investiza- 
tors thet the cylinder and fixed end did not have the proper align- 
ment, thereby introducing bending loads in the specimen in spite of 
the universal joints. To correct this, shims were placed under the 
hydraulic cylinder until all noticeable effects of bending wir elime- 
inated. 

oaince it was necessary to leave the machine in operation for ex- 
tended periods of — (the rate of loading was 52 cycles per minute), 
en additional modification of the testing machine was considered essential. 
This change consisted of installing a micro-switch in the electrical 
circuit, the operation of which shut down the entire system. The 
switch, modified from a “normally closed"® to ae “"normelly open® type, 
was located on the testing platform in such a position whereby upon 
failure of the test specimen a collar on the piston struck the actuat- 
ing arm of the micro-switch as the piston returned home upon fracture 
of the test piece. ithen the microeswitch was actuated, it opened a 
three-pole, double-throw relay which controlled the counter circuit, 
the solenoid circuit, and the main motor cutoff switch (fige 12). 
This modification made by Lt. Cdr. Hingness and the author allowed the 
investigators to subsequently carry out many more tests than would have 


been possible had this chenge not been made. 


Load Measuring Coupon 
The "load coupon” (Fig. 2), located between the hydraulic piston 


and the test specimen, is the device used for measuring accurately the 


m 
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actual load being applied to the specimen. sounted at ninety degree 
spacing on the steel coupon were four (/}) SR= resistance wire strain 
gages. These gages were connected in series to increase the sensi- 
tivity and to remove bending effects of the coupon. This was the only 
means of accurately measuring the stresses as the pressure gege, hav- 
ing once been calibrated against the load in the cylinder, proved to 


be only a rough check on the applied load. 


Slectrical Load Measuring Equipment 

The electrical load measuring equipment consists of the "load 
coupon" with its four strain gages connected in series, an amplifier, 
@ control panel, a Helland Recording Oscilloscope, and associated 
power supplies consisting of 110-volts Ao. and 6-volt batteries as 
necessary (Fig. 13). 

A sheatstone Bridge circuit measures the change of resistance of 
the gages with changes in loed. This signal is sent through the ampli- 
fier, hence on to the Helland Recording Oscilloscope which in turn 
makes a photographic record of the load applied, automatically plot- 
ting this load against a time axis. Thus the rate of loacing is also 
recorded. 

iepmerore tes within this electrical system is a method of apply- 
ing known electrical loeds of 1000, 2000, 3000, and 4000 pounds. This 
electrical feature provided a means of comparing the applied load with 
a known standard during testing. This was accomplished as follows: 

After the strain gages were cemented onto the coupon and checked 


seperately, the coupon was placed in a Riehle Bros. Tensile Testing 


ase 


fachinee The gages were connected in series and sa record of eem.f. 
drop across the gage (in millivolts) vs. load on the coupon was made 
(fige 15). During this strain gege calibration, the amount of re- 
Sistance was determined which, when connected in parallel with the 
’ 

Ske gages, would give electrically the same effect as applying cor- 
responding static loads of 1000, 2000, 3000, and 4000 pounds to the 
load coupon. These known resistances were installed in the control 
panel and then connected to the electrical circuit through a selector 
switch. Then it was possible to select any one or all of the four 
known electric loads while the test wes in prosress end thus place 
&@ standard celibrating line on the recording paper in the leiland Re- 
corder. tence with each actual load that was recorded there was as- 
sociated with it a known standerd calibration load vs. Time curve. 
This calibration method eliminated errors due to voltage and temper- 
ature changes inherent in the power seas 

The sensitivity of the strain gages could be controlled by con- 
trolling the voltageamilied across them. However, after a few trials, 
it was ascertained that two six-volt direct current batteries connected 


in series gave the best results in that the full width of the recording 


paper waS then utilized. 

The Heiland was powered by ten volts of direct current. 

Fice 3 shows an oscilloscope recording which is typical of those 
obtained on all tests. The information as taken from Fig. 38 is tabulated 


below: 


Duration of Zero Load 0.63 sec. 
Duration of Maximum Load 0.33 sec. 

Time - No Load to *ull Load O.14 sec. 

Time - full Load to No Load 0.025 sec. 

‘time for one complete cycle 1.125 seca. 
Number of cycles per minute 52 

ideaximun Rate of Loading - 41,700 lbs./sec. 
Haximun Rate of Unloading 184,000 lbs./seo. 


Since the rate of loading of the specimen had been established 
as being satisfactory by Bull and Mastin (Ref. 2) the Heiland Re- 
cording Oscilloscope was used only to obtain the magnitude of the 
applied load. 

The possibility of utilizing other load measuring and recording 
devices such as a large oscilloscope with a retentive screen was in- 
vestigated by Nelson (Ref. 1). However, he found that the low fre- 


quency of the testing machine precluded the use of such devices. 
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Tables III through LVI tebulate the data obtained during this 
investigation. 

After ell preliminary calibrations were made, a series of faticue 
tests were made on 25 ST sluninun alloy. For record purposes all 
tests ere listed in this report even though in some cases useful data 
were not obtcined. Each test wes run until the specimen failed. Fig. 
10 is an example of a complete typical data sheet. 

The ectual loads applied during any one test were determined in 
the following manner: 

Three calibration lines were established by recording the equiv- 
alent 1000, 20900, and 3000, or 2000, 3000, and 4°00 pound electric loads 
on the Tleiland Recorder. The applied load was reosorded immeciately af- 
terward. This procedure was continued throughout the test. # typical 
set of such reedings are shown in Fire 9. 

The heights of the calibration and load lines are measured after 
the film is developed and dried. For example, from Fic. 9 it enppears 
that 0.32" corresponds to a 1000 pound load. The load line is 0.84" 


in heighte Thus by simple arithmetic the load is computed: 


0.8h : 
0.32 * 1000 = 2625 pounds 


The corresponding stress (cross-section area being 0.0707 aae ine) 


2625. 3 
0.0707 ~ 2/8290 Peele 


No effort was made to calibrate the hydraulic pressure gare, as 


was done by the previous investigators, since the first few tests 


ee 


showed that the relation between the hydraulic pressure sage setting 
and the actunl load applisd would change from day te day. ‘iowever, 
the pressure Gage was used to determine the initial load setting. 
Although the dydraulic system does not keep a perfectly constant 
tosd, the lozed variations were not over excessive during any complete 


teste 


el] 
IV. RESULTS AND DISCUSSION 


As mentioned previously in this report, the frequency of load 
application is 0.867 cycles per second. Since the load application 
is non-steady in nature, it seened desirable to investigate the ef- 
fect of any longitudinal vibrations that might be set up. 

Fran Den Hartog, Appendix II, (Ref. 3) 

f=? =e where 

f = fundamental natural frequency, cycles/sec. 

m' = mass/unit vol. 0.101/386 lb. sec?/in+ 

A =length, 2° 

E = 10,300,000 peseie 
The natural period is then T- 5 = 2.02 x 10°) sec. Thue all vibra- 
tion will be damped out between cycles since aa alty-5 = 3,115,000 
natural periods are completed (Reat periods — 0.63 seconds). There- 
fore, there is no effect on this system due to the periodicity of 
loading. 

In order to determine a dynamic load factor for this elastic says- 
tem, as outlined by Dr. J. Me. Frankland (Ref. 4), certain assumptions 
must be fulfilled to allow treatment as a one degree of freedom system. 

1. The impulse should be at least one tenth of the duration of the 
natural period. 

2e The impact load should be distributed fairly uniformly over the 
structure. 


3- The fundamental mode should be unsoupled with higher modes. Ail 


three conditions are fulfilled by this system idealized to the extent 
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that the fundamental mode considered is lonsitudinal and may be as-~ 
sumed uncoupled with higher modes (Condition 3). The other two con- 
ditions or assumptions are obviously met. 

where the duration of impulse is long compared to the natural 
period of the system, as in this case, Dr. Frankland states that the 
important psrameter is the rate of buildup of the impulse. Thus 


t 
n= 1+ etn 2 where 
° 


= e te i BaD ai 
n= dynamic load factor tapulee peak load 


e-Sel.e = equivalent static load 
p = circular natural frequensy 


~ time required for buildup — 0.14 seo. 


pt, = 211(49,500)(.14) = 43,600 
Med aide te 
Since ot sin = <<1l, the equivalent static load is approxi- 
fs) 


mately equal to the peak of the impulse loadinz. Therefore, the 
system can be considered subjected to the loads as determined by the 
load measuring equipment described on page 7. 

It must be pointed out that if the buildup time is in the neigh- 
borhood of the natural period of the system, equivalent static loads 
equal to twice the peak loading may be expected. also, not only equiv- 
alent static loading but rate of buildup must be considered when can- 
paring these results to similar investigations. 

Figs. 16, 17, 18, 19, and 20 are the plots of the test data com- 
piled in Tables III through LVI inclusive. Since it has been deter- 


mined that vibration in this system has negligible effect on the 


elie 
resulting loading, the loads listed in the Tables can be considered as 
the actual loads applied. 

An exemination of the data reveals the accuracy achieved in ate 
tempting to hold ea constant load throughout a complete test. All re- 
sults, where sufficient information was obtained, were plotted. Al- 
thouch no definite reading interval was established between runs, it 
ean be assumed that where long periods of time existed between read- 
ings, the load remained constant. The test a substantiates this. 

The basic curve, specimens tested with a 54 roughness, is shown 
in Fig. 16. The results for roughness factors of 50u, 1004, and 
2004 are plotted and represented in Fics. 17, 16, and 19 respestively. 
Fige 20 is a compilation of all results. The type of break was also 
recorded on each Figure, but the type (normal or fillet) had little 
er no effect on the general trend of the curves. 

The scatter is that which is to be expected in compiling experi- 
mental data of this type. However, as © result it was difficult to 
escertain the precise location of the curves. But it is felt that ine 
creasing roughness has a definite tendency, however small, toward de- 
creasing the fatigue strength of 25 ST aluminun alloy. Time prevented 
further investigation of the portion of the 50/4 curve in the oyclic 
range between 5,000 and 45,000 cycles. 

Upon closer investigation of fig. 20 it eppears that rouchnessa 
hes more effect upon the oyolic life of this material in the range of 
40,000 cycles = upwards than in the region below 40,000 cyelese The 
data were also more consistent in this ranree Although negative in na- 
ture, it appears that the different surface roughnesses have very little 
effect on 25 ST when failure occurs at stresses corresponding to cycles 
lower than 40,000. It is felt that further investigation along these 


lines of the other important aluminun eslloys is needed. 


OF AS 


V. CONCLUSIONS 


Yor the material tested, 25 ST aluminun alloy, surface rough- 
ness reduced the life expectancy of the alloy when subjected to 
constant repeated tensile stresses which were above the proportional 
limit. As the surface roughness increased from 5 to 200 x» the 
number of cycles to cause failure of the test specimen for a given 
load decreased. The results were more pronounced in the range fram 
10,000 to ee oat Bydise: 

In the regions below 40,000 cycles the amount of scatter in- 
creased. It was therefore impossible to draw accurate conclusions 
as to the effect of surface roughness on the oyolic life of 25 ST 
@luminunm alloy in this region except that this indicated the conver- 
gence of all curves on the point, N= 1 sycele, O = ultimate tensile 


° 


strength. 


ee 


As a result of this investigation the following recamenda- 
tions are meade! 

1. Theat similer tests be carried out for other aluminum ale- 
loys common to the aircraft industry. 

2. That the direct current supply be replaced by alternating 
current in the applicable circuits of the electrical load measur- 
ing equipment. 

3. That the rate of loading be increased from 52 cycles per 
minute to two or three times this valuc, thus reducins the time ree 
quired to complete a single test. 

je That a precision type pressure control valve ve installed 
along with a more stable pressure gage so that after the machine 
is once calibrated, the entire system would be independent of any 


load measuring equipment other than the pressure gage itself. 


le 
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TASLE 1 
Calibration of Strain Gages 


(Connected in Series) 


f= 


© 8 NAN OH wn 


Load (Los. ) Millivoelts 
100 2 310 
200 6615 
300 0 930 
400 leak 
500 1.55 
600 1.85 
700 2015 
800 2.49 
900 2.78 

1000 3.10 
1100 341 
1200 3073 
1300 4.03 
1400 4.35 
1500 4.68 
1600 4.98 
1700 5.29 
1800 5.62 
1900 5.93 
2000 6.21 
2100 6.56 
2200 6.83 


29 
50 


PABLE I (Cont'd) 


Lor 


eo= 


Lb 
2300 


206s 
TABLE II 
Static Tensile Test 
26 Sf 5 Surface Roughness 
Throop Hall--Materials Testing Lab. 


Specimen Diameter 0.35" Area: 0.0707 sq. in. 


Loaé #79 479 480 £80 Average Stresea 
lbs. Gage Strain Gage Strain Strain PeBelie 
Rag. Rdg. Rag. in/in in/in 
0 0 0 0 0 0 0 
300 2.0 3.05x1074 >. «3, 905x104 3.477K10-4 4043 
600 5.3 6.082 4.5 7,029 7,555 9486 
800 8.0 12.2 7.6 11.871 12.038 12729 
1200 10.4 15.86 10.6 16.557 16.208 16972 
1500 13.0 19.825 13.3 20.775 20.300 222158 
1800 15.8 24.095 16.3 25.460 24.777 25460 
2100 19.6 29.89 20.0 31.240 30.565 29701 
2400 28.2 43.00 28.5 44,205 43.602 33945 
2560 42.0 64.05 42.0 65.604 64.627 36509 
2700 45.2 68.93 46.0 1.852 70.392 36189 
2800 75.0 114.3? 78.0 121.84 118.12 39604 
2930 85.2 129.93 88.6 138.39 134.16 41442 
3000 92.3 140.76 95.0 148.39 144,58 42430 
3100 102.9 156.92 98.5 153.86 155.39 42849 


479 --- 1,525 x 107% in/in/division 


#80 --- 1.562 x 107 in/in/division 


PABLa II] 


Teat 1 Approx. Gage Setting 200 p.sel. 

Reading Gycles x Lbs 
1 30 2285 
2 100 . 2357 
3 1500 2143 
4 3000 2571 
5 2400 2500 
6 2600 2571 
” 2800 2500 
8 3000 2571 
9 4000 2340 
10 4500 2270 
11 5000 2360 
12 5500 2285 
13 6900 2350 
14 8240 2410 
16 10000 2571 
16 70000 2350 
1? 74200 2615 
18 76200 2570 

19 262204 Failure 


Roughness - Bu 
Break =- Fillet 
Ave. Load - 2350 lbs. 


Stress = 33,000 p.s.i. 





oo. 


TABLE IV 

Test 2 Approx. Gage Setting 220 p.s.i. 
Reading Gyelog 3 Load (1bs,) 

1 100 2670 

2 1000 2610 

3 2520 2860 

2 3000 2720 

5 71050 2620 

6 71200 2760 

7 75000 2760 

8 83600 No reading 

9 106000 Failure 
Roughness = 5 
Break - Fillet 
Ave. Load = 2700 lbs. 
Stress - 38200 p.s.i. 

TABLE V 

Test 3 Approx. Gage Setting 240 p.s.i. 
Bending Cycles Load (1>s.) 

1 40 2960 

2 3000 2950 

3 8000 2970 

= 12400 2750 

5 16900 2850 

6 56008 Failure 


Roughness - 5 u 

Break - Fillet 

Ave. Load - 2900 lbs. 
Stress - 41,000 p.s.i. 


eee - & 
PABLA VI 
Fest 4 Soprox. Gage Setting 260 p.3.1. 
Reading Sycles Loed (1bs. 
1 40 5110 
2 2500 3160 
3 7600 2960 
4 | 11760 lo reading 
5 13800 3170 
6 20850 3100 
a 21720 3020 
8 Ad ie Failure 
Roughness - Su | 
Break - Normal 
Ave. Loed - 3100 lbs. 
Stress - 43,800 p.s.i. 
PARLE VII 
Test 24 Approx. Gage Setting 260 p.3s.i. 
Reading Cyeles oad (1b 
1 3000 3240 
2 7900 3280 
3 7920 3250 
4, 13100 | 3250 
5 13200 3250 
6 18000 | 8330 
7 18060 3270 
8 


18374 Failure 
Roughness - 5 
Break - Fillet 


Ave. Load - 3250 lbs. 
sress a 46,000 PeBei. 






J It Reg otetct- i} > 5 i 
x ws . Fs 
















Break - Fillet 
Ave. Load ~- 3486 lbs. 


Stress - 49,300 p.sel. 


TABLE IX 
Approx. Gage Setting 280 p.a.i. 
1 10 





2 7780 
3 7812 5426 
4 9320 5030 
5 11600 io re = . 
11660 3360 
17660 3580 


oOo nr Oo 


Machine broke down 


Roughness <- Su 





wr S288 
a 20 
2 LC60 
3 1120 
4 16.20 
3 L650 
6 Machine broke down st 4000 cycles 
Roughness - 3K 
PaBLe XI 


Fest ce 


Reading 
i 


& 


0} 


6 
7 
Roughness =- 5 « 
Break - Fillet 
Ave. Load = 3360 lbs. 


Stress - 47,500 p.a.i. 


approx. Gage Setting 280 p.s.i. 


Load (ibs, ) 


3260 


3560 


Failure 


~26~ 


TABLE XII 

Test 13 Approx. Gage Setting 280 p.s.i. 
Reading Syohes Load (ibs. ) 

1 20 | 3460 

2 7540 3390 

3 7560 | 3570 

4 9400 3570 

5 9440 3500 

6 13460 3570 

7 13490 3570 

8 14564 Failure 
Roughness - Su Ave. Load = 3520 lbs. 
Break =- Normal Stress - 49,780 p.s.i. 

TABLES XIII 

Test 25 Approx. Gage Setting 290 p.s.i. 
gaging Cycles Losd (bs.) 

1 80 Ho reading 

2 600 3550 

3 3420 3590 

4 7500 3580 

5 10340 Ho reading 

6 10540 No reading 

7 11240 3510 

8 i 11260 3590 

9 13700 failure 
Roughness - ou Ave, Load - 5560 los. 


Break - Normal Stress = 50,300 p.s.i. 


11 


Roughness - 5 
Break - Normal 


Test 23 


Raeding 
1 


2 
3 
4% 
5 


Roughness - S14 


Break - Normal 


o27= 


4% 
aes 


TABLE XIV 


Approx. Gage Setting 300 p.s.i. 


e 


Cyeles Load (1bs,) 
10 3440 
5280 | | 3540 
3320 3540 
3400 3540 
10750 3660 
10800 3730 
12750 Ho opel stig 
12800 No reading 
12980 No reading 
13430 3670 
19326 Failure 


Ave. Load - 3590 lbs. 
'$tress a 50, 700 pes.i. 
TABLE XV 


Approx, Gage Setting 300 p.s.i. 


Cygles Load (ibe) 
3000 3640 
7300 3830 
9580 3450 
9600 3610 

13832 Failure 


Ave, Load - 3630 lbs. 


Stress ~ 51,300 p.s.i. 


Roughness - 5 
Breal: = Normal 
Ave. Load - 3760 lbs. 


Stress = 53,100 PeBei- 


Test 10 


2 

3 

4 
Roushness = 5 
Break - Normal 


Ave. Load ~ 4020 lds, 


Stress ~ 56,800 p.s.i. 


-28— 
TABL' XVI 


Avuprox. Gage Setting 320 pes.i. 


Oyeles Lond (ibs, ) 
10 Ro reading 
50 3630 
6740 3680 
6760 No reading 
70CO 3870 
7060 3870 
9316 Feilure 
TADLE XVII 


Approx. Gage Setting 340 p.s.i. 


fycles Load (1bs.) 
30 3920 
10280 4015 
2080 4120 
3240 Failure 


Nd 


3 
& 

Roughness - 544 

Bresik - Normal 


Ave, Load = 4450 1bds. 


Stress oor 63,000 D.Wi. 


3 
= 
5 
6 
? 


8 
Roughness - BO An 
Breck - Fillet 
Ave. Load = 2760 lbs. 


Stress 7 38,200 ue oir 


229 


TAS 2AVIIT 


yoles Lo Loe.) 
ee 4450 
106 4510 
400 4390 
550 . Peilure 
TABLE XIX 


Aporex. Gage Setting 220 p.s.i. 


Cyeles Load (20s 
10 2670 
4650 2620 
A800 2730 
5406 2800 
9520 2690 
13460 2710 
17200 2680 

77380 Failure 


-30- 


TADLE: XX 
Teat 28 Approx. Gage Setting 230 p.a.l. 
Beading Cyclse3 Load (lba_) 
1 10 Wo reading 
2 4260 No reading 
3 4500 No reading 
4 6420 2700 
5 6440 2870 
§ 8072 2930 
7 8080 288 
8 9460 2890 
9 16180 2970 
10 16200 2730 
di 21860 3000 
12 21800 2950 
13 23660 2870 
14 48892 Failure 


Roughness - 50 
Break =- Fillet 
Ave, Load _— 2880 lbs. 


Stress -— 40,700 p.s.i. 


eh Lo 


TABLE XAT 
Test 12 &porex, Gage Setting 240 peSel. 
Reading Cycles Load (lbs.) ° 
1 5 3000 
2 30 3000 
s 660 2780 
4 680 3050 
, 1600 3090 
6 1630 3170 
- 7000 3000 
8 11260 3050 
9 16830 2950 
10 36840 Failure 


Roughness = 504 
Break =~ Normal 
AV@. Load ae 3000 lbs. 


stress = 42,400 PeSele 


Test 27 


Reading 
1 


mo RWB NAO WNW Re WwW a 


Roughness — 50 
Break ~ Fillet 
Ave. Load = 3140 lds. 


Stress = hdyy 400 DeSele 


-3co= 


TABLE XXII 


aDDrOX. Qace Setting 250 peBei. 


Cycles 
2980 


75.40 
7560 
9560 
FEO 
10650 
10670 
16200 
23740 


Loed (1bs.) 


31206 
3160 
3280 
3150 
3090 
3140 
3170 
3010 


Failure 


~33- 


TABLE XXIII 





Test 15 | Approx. Gage Setting 260 pes8ei. 
Reading Cycles LOad (15s.) 
a 10 3300 
2 175 3470 
eS) 5010 3350 
x 11100 3460 
5 14600 3250 
6 17400 3290 
7 20534 Failure 


Rougnness = 30 4A 
Breax = Fillet 
Ave. Load = 3350 lbs. 


wbhress — 47,460 DeEelo 


Test 29 


Reacing 


Ww to r- 


t~ 


oOo OO NR H WL 


10 
cm 


Roughness - 50M 
Break — Normal 
Ave. Load - 3430 lbs. 


Stress = 48,500 veBele 


aDvTrOx,. Gage fe 


ttinge 270 peSei. 


Lceeé ( 198, } 


3573 
3570 
3440 
2470 
3450 
3390 


Fai lure 








Roughness = 50h 


freak = Normal 






Ave. Tnad = 3470 lbs, 











TABLE AXVI 







Test 16 Approx. Gage Setting 300 p.sei. 
Reading Cycles Load (lbs. ) 
1 | 520 3630 
2 3280 3520 
3 8320 3650 
4 11832 «—C- Failure 





Roughness = 50K 
Break = Fillet 





Ave. Lead = 3€09 Lbs. 


Wi i6 = 


TABLE XXVIT 


Test 19 _ Anorox. Gage Setting 3°29 pnesSel. 
Reading Cycles Loéd (1bs.) 
1 10 38€0 
2 200 3360 
3 1020 3860 
4 2497 Failure 


Roughness = 50 
Break - Normal 
Ave. Load = 3860 lbs. 


Stress —- 54,600 peael. 


TABLE XAVITI 


Test 18 Approx, Gage Setting 340 peaei. 
Reading cycles Load (1bs.) 
4 10 4170: 

Z 100 / 4170 
3 850 4170 
4 8380 4170 
yr .. 1900 4080 


6 2218 Failure 


Roughness — 50 4 
Break = Normal 
Ave. Load - 4150 lbs. 


stress ~ 58,600 p.aei. 


TABLE XXIX a 
Test 17 Approx. Cage Setting 3260 p.s.i. 
Reading Cycles Lead (lbs. ) 
i 10 4160 


2 18 Failure 


Roughnesa ~- 5044 





ereak - ermal 
Ave. Load —= 4160 lba. 


Stress — 58,800 DeBele 





e 


TASUT ARK 


TeAt 38 | Aporox,. Gage Setting 210 p.sel. 
ine, Sycles Lord (1bs.) 
? A 2630 
ms | TA 2570 
2 550 260 
é 570 255) 
an 7980 2589 
o 3090 2650 
f — 36K 2550 
5 3666 2550 
5 7250 2640 
10 7260 2550 
et 11200 2440 
l2 14600 2520 
13 21450 2610 
14 56830 2529 
= 56840 2630 
16 60125 2670 
L7 64300 2550 
18 64310 2620 
19 68080 2600 
20 68100 2600 
21, 73890 2660 
22 73900 2660 
23 | 81090 2500 
24 81100 2500 
25 91378 Failure 

Rougnness - 100K Ave, Loéd — 2580 lbs. 


Break = Nernal Stress ~- 36,500 p.sel. 


ee, 


hod 


TABLES XXXIT 








Test 35 Approx, Gage Setting 230 v.8ei. 
1 863 2780 
2 3140 2810 
3 4320 2790 
ra 8100 276) 
5 11200 2670 
é 14100 27ED 
fi 18500 £850 
& 22650 2710 
9 23945 Failure 


Roughness - 100 
Break - Fillet 





Ave. Load = 2760 lbs. 


Stress =~ 39,000 peSel. 








teat 34 Aowrex. Gace Sottine 250 n.s.%i. 
readin Cycles ined (ibs. 
a CFO NFO 
2 3380 3950 
3 8190 3099 
vA 10260 3079 
5 10800 3079 
¢ 10820 3090 
o4 14710 3070 
8 18640 3090 
9 18680 3150 
18 20100 3180 
a 2300 3070 
12 23080 3130 
23 . - 25100 3186 
14 27492 Failure 


Rougnness = LOO Lu 
Break =~ Fillet 
Ave, Load = 3080 lbs, 


Stress = 43,600 p.sei. 





‘fest 30 
Read af ng 


is 


a) 


“I 


Roughness = LOO,AA 
Breas = Fillet 
Ave. load - 3300 Lbs. 


Stress ~ 46,700 p.s.i. 





Test 32 


Feeding 
a 


] 


2 


3 


I~ 


AN 


noughness = LOOLA 
Breax =~ Normal 
Ave, Load - 3420 lbs. 


otres- = 48, 300 DeSeie 


ThGL. AABRIV 


Aparmox. Gene Getting 280 v8.4. 


eo 2 aww <= we 


Feiture 


Test 31 


iteading 


“I O WR BR W 


Roughness - 100 
Break ~ Fillet 
Ave, Load - 3505 libs. 


Strees - 49,500 p.8.i. 


Test 33 


neading 
1 


2 

3 

4 

2 
Roughness - 100 ,% 
Break = Fillet 


AV@e Load = 3630 lbs. 


Stress - 51,300 peBele 


ee 
TABLE XXZYV 


Approx. Gage Setting 300 p.sei. 


Cycles . Load (1bs.) 
80 3330 
110 3350 
3850 3540 
3880 3720 
8570 3460 
8600 3640 
8680 Failure 
TABLE XXXVZ 


Approx, Gage Setting 310 p.s.i. 


Cycles Load (1bs.) 
80 | 3660 
100 3600 
3906 3630 
4000 No reading 
4924 Failure 














Test 20 


Reading 
i 


2 
3 
4, 


Roughness - 100M 
Break ~ Fillet 
Ave. Load - 3850 lbs. 


Stress - 54,500 peSete 


Test 37 
Reading 
1 
2 
3 
4, 

3 


Roughness - 100 
Break ~ Normal 
Ave. Load = 3840 lbs. 


Stress = 54, 300 DeSele 


ow te 
= 


TABLA XXKVIT 


Approx, Gage Setting 320 p.s.i. 


Cycles | Load (1lbs.) 
66 3720 
500 3890 
7700 3950 
8310 Failure 


TABLE XXXVITI 


Approx. Gage Setting 320 p.s.i. 


Cycles Load (lbs. ) 
30 3680 
50 3680 
1620 3940 
2640 40€0 
2916 Failure 


dag. 
TABLE XXX IX 
Test 21 Approx. Oege Setting 340 p.sei. 


No readings, Machine broke down after 20 cycles, 


Roughness - 100 


TABLE XL 

Tast 36° Approx. Gage Setting 340 p.8.i. 
Reading Cycles Load (lbs.) 

1 30 3820 

2 Vo 3880 

& 200 3940 

4 540 A200 

5 560 4120 

6 724 Fallure 


Roughness - 100 
Break = Normal 
Ave, Load = 3970 ibs. 


Stress — 56,100 poSele 











MG. 


TABLE XLI 
Test 51 Approx. Gage Setting 210 p.n.i. 
Reading Syeles load Ops.) 
1 20 2520 
2 1390 2600 
3 3799 25110 
4 5060 2600 
5 5260 2720 
6 8300 2650 
7 11700 2500 
8 1700 — 2520 
9 24250 2630 
10 29600 2520 
23 34850 2500 
12 42096 | Failure 


Roughness - 200 
Break - Fillet 
Ave. Load - 2580 lbs. 


Stress - 36,500 peBei. 


Oo @ NN BD ln F&F WH NW 


~ 
© 


ll 


Roughness - 200/4- 
Broak - Fillet 
Ave» Load - 2660 lbs. 


Stress - 37,600 pesein 


~47- . * 
TABLE ALIL 


Approx. Gage Setting 220 pesel. 


Gysles Lead (ibs-) 
70 2460 
700 2570 
34,00 2660 
6750 2670 
10610 2690 
12030 2670 
15790 2720 
18250 2700 
22800 2720 
3010 2720 
37662 Failure 














~4f— 


TABLE ALITI 
Test 48 Approx. Gaze Setting 2/0 pesedi. 
Reading. Syslos Loan (ibs-) 
y. LO 2820 
2 1180 2910 
3 3220 2730 
sit 64,20 2380 
5 8310 2880 
6 11450 2910 
t 14160 2930 
8 17700 3910 
g 20200 2930 
10 234,30 2920 
12 261,32 Feilure 


Rouchness = 200 14 
Break - Fillet 
Ave. Losd = 2320 lbs. 


Stress - 41,309 PeBelo 


© co NHN Vo wm & WW AW 


Roughness - 200 1 
Break - Normal 
Avee Load = 3010 lbs. 


Stress - 42,600 PeBei- 


~49.. 


TABLE XLIV 


Approx. Gage Setting 250 peGels 


Cyeles Loa 


Se 
2750 
3000 
2950 
2770 
3010 
3030 
3030 
3070 

Failure 
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TABLE XLV 


Test 42 Approx. Gare Setting 260 p.s.i. 
Reading Cyoles loe4_ (lbs) 
1 LO 3h00 
2 1160 3470 
3 3180 3100 
4 4170 3200 
5 5220 3160 
6 7350 3220 
7 8160 3290 
8 9250 3230 
9 10100 3230 
10 11374 Failure 


Roushness - 200 
Break - Pillet 
Ave. Load = 3255 lbs. 


Stress - 46,000 pesei. 


=Bilme 
TABLE XLVI 


“lee 
Test 41 Approx. Gage Setting 280 peseile © 


No readings. Machine broke down 


Roughness - 200. 


TABLE XLVII 

Test 49 | Approx. Gage Setting 280 pesel. 
Reading Cycles ined \1bse 

1 ho 3540 

2 2520 3420 

3 4090 3440 

4 6940 3440 

5 8210 3420 

6 10810 3530 

7 10830 3460 

8 12550 3450 

3 14376 Failure 


Roughness = 200 
Break - Fillet 





Ave. Load - 3460 lbs. 


Stress - 49,000 PeBel. 
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TASLZ XLVIII 
Test 4h Approx. Gage Setting 290 peal. 
Reading Sysles load (lbae) 
1 4o 3630 
2 2010 3630 
3 4360 3650 
4 6820 3590 
5 8150 3630 
6 9058 Failure 
Roughness - 200 
Break - Normal 
Ave. Load - 3625 lbs. 
Stress - 51,200 peBei. 
TABLE ALIA 
Test 39 Approx. Gage Setting 300 p.sei. 
Reading | Cyoles Load (ibs-) 
1 40 3312 
2 500 , No reading 
3 Machine failed 


Roughness - 200K. | 


~53— 


es | ee 
TABLL L 

Test 46 Approx. Gage Setting 300 peSei. 
Reading Cygles Load (lbse) 

1 46 3580 

2 7680 No reading 

3 26,0 No reading 

h 3690 No reading 

> Electrical failure 


Rouginess = 2001 





~54— 


TABLE Ll 
Test )3 Approx. Gage Setting 310 nesel. 
Reading Cycles Load. (lose) 
1 10 3500 
2. 36 3660 
3 50 5630 
4 729 5770 
5 730 3/10 
6 1230 3799 
7 1250 3670 
8 1770 3730 
9 1800 3/39 
10 2680 3640 
11 2700 3690 
12 3150 3810 
13 4670 3810 
14 5390 3690 
15 6280 3690 
16 7850 Failure 


Roughness - 200 
Break - Normal 

Avee load ~- 3705 lbs. 
Stress ~ 52,400 peBeie 


-55- 








TABLE L111 
Test 10 Anproxe Gace Setting 310 peseie 
Reading Gyeles Losd (bse) 
1 30 3610 
2 ho 96,0 
2 810 2720 
hh. 820 371.9 
5 1120 97h 
6 119 710 
=f - 2380 364.0 
8 2,00 3700 
9 3150 3710 
10 3170 3710 
11 3710 3660 
12 3720 3800 
13 5000 3620 
Ly 5010 3570 
15 64,0 3590 
16 6940 Failure 


Roughness = 200 /4 
Break - Fillet 
Ave. Load - 3680 lbs. 


Stress = 52,000 peSei. 


=56% 


TABLE L111 

Test 47 Approx. Gage Setting 320 p.s.i. 
Reading Sysles Load (ibs. ) 

1 88 3550 

2 ~ 100 3670 

3 64.0 3790 

h 650 3820 

5 2,20 3770 

6 24.50 3820 

(if kiko 3810 

8 5270 3810 

? 7556 Failure 


Roughness - 200 
Break - Fillet 
Avee Load - 3755 lbse 


Stress - 53,100 pesei- 


sem 
TABLE LIV 
Test 52 Approx. Gage Setting 320 peBeir 
Roading cles Loa Be 
1 30 3650 
2 390 3610 
3 S00 3720 
4 820 3550 
3 1260 3570 
6 1280 351.0 
7 2050 3740 
8 2870 3740 
9 3200 3830 
10 34.20 3830 
11 4960 3850 
12 6210 3730 
9 7234 , Failure 


Roughness = 200 1« 
Break - Fillet 
Ave. Load = 3710 lbs. 


Stress = 52,500 PeBSel- 





DO 


3 
h 
> 


Roughness -~ 200 
Break = Normal 
Avee Load = 3845 lbs. 


Stress - 5A 300 PeBeli. 


Test 50 


4 


Roughness = 200 4 
Break - Normal 
Avee Load - 3730 lbs. 


Stress - 52,750 DeSele 


-~58— 
TABLE LY 


Approx. Gage Setting 330 psi. 


Cycles Load (bse) 
2h 3830 
Lo 3870 
540 3830 
780 3850 
1016 Failure 
TABLE LV1 


Approx. Gage Setting 340 DeBole 


Cycles Load (1bdse) 
20 3660 
75 3725 
150 3800 
_ 300 Failure 
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Figey-3S 


General View of Machine 
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Fig. 4 


Hydraulic Section 
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COUIVALENT ELECTRIC COA D "1000 


COWMALEN T ELECTRIC COAD ---2000 * 


ACTUAL TEST ELECTRIC LOAD 





Fan 9 


TYPICAL 72ST KESOLT AS FILIIED 


Gage 
Houghness 


Resding No. 


aoa vy oh Om 


10 


ll 
12 
13 
14 
15 


16 


17 
18 


19 


Structures Laboratory 


Rlectric Load 


1000 
2000 
3000 


4060 


2000 


3000 


1000 
2000 


3000 


GAL. C. L ame 


Cycles 


ES -& PL» 


4000 


4000 
4000 
4600 
8000 
B000 


8000 


8000 
8000 


8000 


AVG. 


AVG. 


ave. 


Height 
Inches 


0.27 
0.55 
0.81 
1.08 
0.27 
0.70 
0.70 
0.70 
0.60 
0.92 
1.19 
0.30 


0.78 


Sample Test . 
Date 


Actual 
Load lbs. Load p.3.i. 


2590 
2590 


2096 


2600 
2600 


2600 


2590 
2590 


2550 


Tensile 


36600 
36600 


36600 


36800 
36860 


36800 


36600 
36600 


36000 











Reading No. Mlectric Load Cycles Reight Actual Tensile 
Inches Loed lbs. Load p.3.i. 


61 2000 76000 0.44 
62 3000 76000 0.67 
63 4000 76000 0.80 

Ave. 0.22 
64 76000 0.57 2590 36600 
65 76000 0.57 2590 36600 
66 76000 0.57 2590 36600 

Failure 77360 Filiet Break 
Fig. 10 


Typical Data Sheet 
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